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Collaboratory for the Study of 
Earthquake Predictability (CSEP) 

… is an open, international partnership to 
support a global program of research on 

earthquake predictability through prospective, 
comparative testing of scientific prediction 

hypotheses in a variety of tectonic 
environments.



Three Definitions

─ Earthquake predictability
─ degree to which the future occurrence of earthquakes is 

encoded in the behavior of an active fault system

─ Scientific earthquake prediction
─ a testable hypothesis, usually stated in probabilistic terms, 

of the location, time, and size (and perhaps other 
parameters) of fault ruptures

─ Useful earthquake prediction
─ advance warning of potentially destructive fault rupture 

precise and reliable enough to warrant actions to prepare 
communities



Three Questions

Q1 How should scientific earthquake predictions be stated 
and tested?
─ How should prediction experiments be conducted and 

evaluated? 

Q2 What is the intrinsic predictability of the earthquake 
rupture process?
─ What could we predict if we understood more about earthquake 

physics? 

Q3 Can knowledge of large-earthquake predictability be 
deployed as useful predictions?
─ Is operational earthquake prediction feasible?



“Silver Bullet” Approach
─ Seeks useful, short-term prediction of large earthquakes; 

i.e., focuses on direct answer to Q3
─ “heroic quest” for a simple solution

─ dominated research in the 1970’s and 1980’s

─ Searches for signals diagnostic of approach to rupture, 
including:
─ foreshocks

─ strain-rate changes

─ electromagnetic signals

─ hydrologic changes

─ geochemical signals

─ animal behavior

─ Has not thus far led to useful prediction methodologies



Problems in Assessing Predictions

─ Scientific publications provide insufficient information for 
independent evaluation

─ Active researchers are constantly tweaking their 
procedures, which become moving targets

─ Difficult to find resources to conduct and evaluate long-
term prediction experiments

─ Data to evaluate prediction experiments are often 
improperly specified

─ Standards are lacking for testing predictions against 
reference forecasts



CSEP Goals

1. Reduce the controversy surrounding earthquake prediction 
through a collaboratory infrastructure to support a wide range of 
scientific prediction experiments

2. Promote rigorous research on earthquake predictability through 
the SCEC program and its global partnerships

3. Help the responsible government agencies assess the feasibility 
of earthquake prediction and the performance of proposed 
prediction algorithms



“Brick-by-Brick” Approach

─ Focused on experimentation (Q1) and predictability (Q2), not 
operational and useful prediction (Q3)
─ Long-term effort to understand and improve predictability, even if probability 

gains are small

─ Demonstrates predictability by rigorous testing
based on intercomparison of models 
─ RELM program and its extension to a Collaboratory

for the Study of Earthquake Predictability (CSEP)



CSEP Design

─ Objective is to provide trustworthy answers to two 
questions
─ How was the earthquake prediction produced?

─ How was the earthquake prediction evaluated?

─ Design goals
─ Data streams must be authorized and calibrated

─ Environment must be controlled and transparent

─ Results must be reproducible and comparable



Four Essential CSEP Components

─ Testing centers: facilities with validated procedures for 
conducting and evaluating prediction experiments

─ Community standards: rules for the registration and evaluation 
of scientific prediction experiments

─ Communication protocols: procedures for conveying scientific 
results and their significance
─ the scientific community, including professional societies
─ government agencies responsible for risk management
─ the general public and other end-users

─ Testing regions: active fault systems with adequate, authorized 
data sources for conducting prediction experiments



Testing Center



Web Collaboration System



Automated Build System



CSEP Testing Center Software
─ Daily Automated Earthquake Forecast Generation

─ STEP, ETAS forecast models

─ Automated Earthquake Forecast
Evaluation
─ RELM N, L and R tests

─ Automated Testing Framework
─ Acceptance tests

─ Reproducibility of Results 
─ Software version control
─ System configuration archive
─ Data set archive

─ Identical Integration and
Operational Systems
─ Common, standardized open-source software stack



Milestones
1 September 2007
─ Release of CSEP Testing Center Software 1.0
─ Operational system up and running
─ 19 RELM 5-year models under test

1 January 2008
─ Release of CSEP Testing Center Software 8.1
─ First 1-day and 3-month models under test
─ New Zealand operational and manually testing
─ Europe operational

1 April 2008
─ Release CSEP Testing Center Software 8.4
─ Optimizations

1 July 2008
─ Release CSEP Testing Center Software 8.7
─ Western Pacific testing



Worldwide Collaboration

─ Main development
─ CSEP software maintainer
─ Web development

─ QuakeML
─ QuakePy
─ Visualization

─ QuakeML webservice



SCEC

ETHZ

GNS

Testing Center

Italy

New 
ZealandCalifornia



Bird & Liu
SHIFT main shock model
SHIFT main shock + aftershock model

Ebel et al.
5-yr main shock+aftershock model
5-yr main shock model

Helmstetter, Kagan, Jackson
HKJ 2005 long-term main shock model
HKJ 2005 long-term main shock + aftershock model

Holliday et al.
Pattern Informatics

Kagan et al.
5-yr main shock model
5-yr main shock + aftershock model

Shen, Jackson, and Kagan
Geodetic main shock model
Geodetic main shock + aftershock model

Ward
combo81
geodetic81
geodetic85
geologic81
seismic81
simulation

WG 2002
National Hazard Model

Wiemer & Schorlemmer
Asperity Likelihood Model

19 5-year models have
been submitted to the
Testing Center

Testing Center (California)



Community Standards
Working Groups

Data
─ Working together with ANSS
─ Review Process of work in Italy

Global & Model
─ Meeting 21 April 2008
  
Cyberinfrastructure
─ Software review meeting

on 19 November 2007 at USC

Testing
─ Meeting 5 February 2008



Grid-based Testing
─ Standard testing schema as developed for RELM

─ Reduced large storage demands of current likelihood tests
(RELM Tests)

─ Rhoades & Schorlemmer are working on optimized version
of likelihood tests
─ Reduce number of computation steps
─ Partly implemented in version 8.4

─ Jackson, Kagan, & Schorlemmer are working on modified
likelihood tests
─ Include different probability distributions
─ Allows for including uncertainties in forecast generation



Alarm-based Testing
─ Different methods exist (Molchan, ROC, etc.)

─ Zechar is working to introduce the ASS (Area Skill Score)
to version 8.10

─ Comparison of results with likelihood testing



Fault-based Testing
─ Meeting held in April 2007 at USC

─ No appropriate authorized data source identified
─ How to determine the ruptured fault?
─ How to determine the affected fault segments?
─ What about earthquake off known faults?

─ Grid-based testing with focal mechanism information
─ SCEC community fault model

─ Jackson, Kagan, and Schorlemmer are assessing possible
earthquake data sources

─ No implementation plans yet



Communication Protocols

─ News Releases

─ Mailing lists

─ Weekly minutes 
posted on website



Communication Protocols

─ Result webpages

─ CSEP reports to CEPEC 
& NEPEC



CSEP Web-Presentation Concept

3 Websites

─ Main CSEP website www.cseptesting.org (static)

─ Regional websites (editable)
─ us.cseptesting.org
─ nz.cseptesting.org
─ eu.cseptesting.org
─ jp.cseptesting.org

─ Result pages us.cseptesting.org/ScecResults (restricted)
─ Other centers can use this facility for their results



Testing Regions

─ Delineated region with defined areas for data collection and 
prediction testing

─ Sponsorship by a regional organization of earthquake scientists 
willing to participate in CSEP

─ Data streams authorized by agreements with appropriate regional 
agencies, including a low-latency earthquake catalog for testing 
prospective predictions

─ Calibration of the seismic networks, including the quantification of 
hypocenter & magnitude uncertainties and mapping of 
completeness thresholds



California

─ Operational since 1.9.2007
─ Current models

─ 5-year RELM
─ 1-day STEP & ETAS
─ 3-month EEPAS & PPE

─ Upcoming models
─ ETAS (Werner)
─ Cellular Seismology (Kafka)
─ STEP Java (Gerstenberger)



Western Pacific

─ Covers >50% of worldwide seismicy
─ Testbed for global testing
─ Testbed for Global CMT catalog
─ Implementation in 2008 (8.7)



Basin & Range

─ Meeting held in April at USC
─ Area covered by 7 networks
─ ANSS does not provide 

sufficient data quality
─ No models available
─ Not likely to happen



New Zealand

─ Testing area defined
─ Catalog including location parameter uncertainties
─ Assumed overall completeness at M=4
─ Declustering (same method as used in

national hazard assessment)

─ RELM Tests (N-, L-, and R-Test)
─ New tests under development

─ Models
─ 4 5-year models
─ 4 3-month models
─ 4 1-day models



Europe

─ ETH Testing Center operational
─ Implementation of testing region Italy underway
─ Next possible regions (to be tested at ETH)

─ Greece
─ Iceland
─ Turkey

─ Use the SCEC facilities for web presentations



Global

─ First steps taken
─ 3 testing area definitions

─ uniform grid
─ uniform grid covering only seismically active areas
─ non-uniform grid (importance grid)

─ Models
─ Expand Western Pacific models for global testing
─ EEPAS/PPE models
─ Smoothed seismicity
─ GALM

─ Global CMT catalog
─ Global completeness study



Japan

─ Getting started in Japan
─ Testing center installation (Euchner)
─ Model installation (Nanjo)
─ Data characterization:

Completeness study for Japan (Schorlemmer)



Japan
JMA (+HiNet)

─ ~1000 stations
─ 6 districts
─ overall high data quality

Important for CSEP:

─ completeness of deep
seismicity

─ offshore completeness
─ homogeneity of

reporting



What is Completeness?
Completeness is usually defined as the magnitude of 
completeness, Mc:

─ Mc describes the magnitude of the smallest events 
completely detected by the network.

─ Mc itself is defined as the deviation point from the 
“Gutenberg-Richter”-line in a
frequency-magnitude
distribution of an earthquake
sample.

 SC 1981-2005 



Traditional Methods
Maximum Curvature

─ Defines Mc as the magnitude value with the highest 
curvature in the frequency-magnitude distribution.

─ The non-cumulative magnitude bin with the highest 
number of events

─ SCSN catalog with 0.01 binning needs to be rebinned to 
0.1

Woessner & Wiemer [2005]



Traditional Methods
Goodness of Fit

─ Searches through the magnitude space and measures the 
goodness of fit of the b-value line.

─ Does often not reach the desired 90% level.

Wiemer & Wyss [2000]



Traditional Methods
Entire Magnitude Range (EMR)

─ Searches also through the magnitude space but assumes 
power-law and log-normal distributions.

─ Method with the largest number of assumptions. 

Woessner & Wiemer [2005]



Traditional Methods
Assumptions:

─ Earthquake samples exhibit a GR-distribution

─ Mc can be averaged over space (Earthquakes are 
sampled in circles with radii of several km)

─ Mc can be averaged over time (Networks may change 
during the period of sampling)

Implications:

─ Mc cannot be determined in low-seismicity areas

─ Mc is a function of earthquake samples



New Method

The “Gutenberg-Richter”-
definition is a proxy.



New Method

The “Gutenberg-Richter”-
definition is a proxy.

Completeness should be 
described by the station 
capabilities of detecting 
events of certain 
magnitudes



New Method



New Method



New Method



Station Recording Capabilities



Station Recording Capabilities



Probability of Detecting Events



Probability of Detecting Events



Magnitude of Completeness

 1.7.2007 



Magnitude of Completeness

 1.7.2007 

 1.1.2001-1.7.2007 



Magnitude of Completeness

 1.7.2007 

 1.1.2001-1.7.2007 



Other Networks
─ Northern California
─ Switzerland

In Progress:
─ Friuli (Italy)



Webservice

 completeness.usc.edu 



Italy

INGV Network

─ List of stations
─ On/Off-times derived from waveform files
─ List of linktypes per station
─ INGV earthquake catalog
─ Magnitude definition used at INGV



Detection Probabilities



Detection with Depth
Along longitude 15E



Completeness



Scenarios

 No INT/INQ 



CSEP Testing Region Italy
Rationale

Target area: cover all of Italy
Testing area: extend 50-100km around target area
Collection area: extend further 50km around testing area

Completeness

Target magnitude range is M4+ 

Testing area: 0.999 (99.9%) at M3.7+
Collection area: 0.99 (99%) at M3.7+



CSEP Testing Area



CSEP Testing Area



CSEP Testing Region Italy



Summary
New method for estimating completeness

PROS:
─ No model assumption (Gutenberg-Richter distribution)

→ Volcanoes
─ No averaging over space and time

→ Statement for a particular network configuration
─ Full description of completeness changes over space/time
─ More “complete” description (Prob. per magnitude)
─ Works in low-seismicity areas
─ Takes site conditions into account
─ Takes localization procedure into account

CONS:
─ Computationally more intensive that traditional methods



In Progress

─ Investigate completeness of the JMA network

─ Define testing area for CSEP

─ Implement automatic catalog retrieval

─ Set up the CSEP Testing Center in Japan



Thank You!

Visit our websites:

─ www.cseptesting.org

─ us.cseptesting.org

─ relm.cseptesting.org

─ completeness.usc.edu

─ www.quakeml.org

─ www.quakepy.org


